Abstract. Ovarian cancer is one of the most common types of gynecological malignancy worldwide, and is the fourth leading cause of cancer-associated mortality among women. Despite improvements in therapeutic treatments, the prognosis for epithelial ovarian cancer (EOC) remains poor, mainly due to the rapid growth and metastasis of ovarian cancer tumors. An increasing number of studies have indicated that microRNAs (miRNAs) are involved in the carcinogenesis and progression of human cancer, suggesting that miRNAs may be used in clinical prognosis and as a therapeutic target in EOC. The aim of the present study was to investigate the expression levels of miRNA-494 in EOC tissues and cell lines. The clinical significance of miRNA-494 in patients with EOC was also evaluated. The results demonstrated that miRNA-494 was significantly downregulated in EOC tissues and cell lines. Low expression levels of miRNA-494 were associated with poor prognostic features, including International Federation of Gynecology and Obstetrics stage, tumor size and lymph node metastasis. In vitro functional studies demonstrated that overexpression of miRNA-494 inhibited proliferation, migration and invasion in EOC cells. By contrast, knockdown of miRNA-494 enhanced cell growth, migration and invasion in EOC cells. Notably, sirtuin 1 (SIRT1) was identified as a direct target of miRNA-494 in EOC. Furthermore, MTT, cell migration and invasion assays verified that EOC cell proliferation, migration and invasion were completely restored with forced miRNA-494 expression and SIRT1 restoration. Together, these findings suggest that miRNA-494 is a potential prognostic marker, and may provide novel therapeutic regimens of targeted therapy for EOC.
Introduction
Ovarian cancer is one of the most common types of gynecological malignancy worldwide and is the fourth leading cause of cancer-associated mortality among women (1) . In 2015, it was estimated that there would be 21,290 new cases and 14,180 mortalities from ovarian cancer in the USA (2) . Epithelial ovarian cancer (EOC), a major subtype accounting for ~90% cases of ovarian cancer, includes serous adenocarcinoma, endometrial adenocarcinoma and clear cell carcinoma (3) . Among the gynecological cancers, EOC has the highest mortality rate, and contributes to >50% of gynecological cancer mortalities (4) . At present, the primary therapeutic strategies for EOC are surgical resection of the visible disease, followed by platinum-based chemotherapy (5) . Despite improvements in therapeutic treatments, the prognosis for EOC remains poor, mainly due to the rapid growth and metastasis of the tumor (6, 7) . Furthermore, due to the lack of symptoms in the early stage, EOC is usually diagnosed in an advanced stage (8) . The 5-year survival rate for EOC at International Federation of Gynecology and Obstetrics (FIGO) stage (9) I-II was ~90%, while it was <30% for patients with EOC diagnosed at advanced FIGO stage (III-IV). It is therefore essential to elucidate the molecular mechanisms underlying the rapid growth and metastasis of EOC cells, since this may provide a potential therapeutic target for the treatment of EOC.
An increasing number of studies have suggested that the initiation and development of EOC may be associated with microRNA-494 is a potential prognostic marker and inhibits cellular proliferation, migration and invasion by targeting SIRT1 in epithelial ovarian cancer AIJUN YANG 1* , XUENAN WANG 1* , CHUNNA YU 1 , ZHENZHEN JIN multistep changes in the genome, in particular abnormal expression of microRNA (miRNA/miR) (10) (11) (12) . miRNAs are a large family of non-protein-coding short RNA molecules with 18-25 nucleotides that were first identified in 1993 by Lee et al (13) . Accumulated computational and experimental studies have demonstrated that messenger RNAs (mRNAs) are regulated by miRNAs, indicating that miRNAs may act as master regulators in numerous diverse physiological and pathological processes (14) (15) (16) . miRNAs negatively regulate gene expression by directly binding to the 3' untranslated region (UTR) of their target mRNA in a complementary base-pairing manner, thus causing mRNA stability and/or translation inhibition (17) . Previous studies have demonstrated that miRNAs perform important roles in numerous biological processes, including cellular proliferation, apoptosis, cell cycle, development, differentiation, migration and invasion (18, 19) . Currently, it is well known that certain miRNAs are dysregulated in various types of human cancer (8) . Upregulated miRNAs may function as oncogenes by negatively regulating tumor-suppressor genes, whereas downregulated miRNAs may act as tumor-suppressor genes via the blockade of oncogenes (20) . Therefore, the identification of the targets of miRNAs is essential for understanding the functions of miRNAs in cancer initiation and progression.
The present study aimed to investigate the expression of miR-494 in EOC tissues and cell lines, and the biological roles of miR-494 in EOC cells. Furthermore, the molecular mechanism underlying its tumor suppressive roles was evaluated. The results of the present study may contribute towards identifying a novel therapeutic target for the treatment of patients with EOC.
Materials and methods
Tissue samples. The present study was approved by the Medical Ethics Committee of the Affiliated Hospital of Jining Medical University (Jining, China). Written informed consent was obtained from patients for the use of their tissue samples. All EOC tissues and matched NATs were obtained from 96 EOC patients who underwent surgery at the Affiliated Hospital of Jining Medical University between July 2013 and January 2015. None of these EOC patients had received other therapeutic treatments prior to surgery. All tissues samples were immediately snap-frozen in liquid nitrogen and transferred to a -80˚C freezer.
Cell culture. Human EOC OVCAR3, SKOV3, ES-2 and CAOV-3 cell lines, human normal ovarian epithelial NOEC cell line and HEK293T cell line were purchased from the American Type Culture Collection (Manassas, VA, USA). NOEC cells were maintained in Ham's F-12 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), containing 20% fetal bovine serum (FBS), 120 mg/ml streptomycin and 120 mg/ml penicillin (all from Gibco; Thermo Fisher Scientific, Inc.). All other cells were cultured in RPMI-1640 medium supplemented with 10% FBS, 100 mg/ml penicillin and 100 mg/ml streptomycin (all from Gibco; Thermo Fisher Scientific, Inc.) in a humidified 5% CO 2 cell incubator at 37˚C.
Cell transfection. miR-494 mimics, 5'-UGA AAC AUA CAC GGG AAA CCU C-3'; miR-494 inhibitor, 5'-GGU UUC CCG UGU AUG UUU CAU U-3'; negative control (NC), 5'-UUC UCC GAA CGU GUC ACG U-3'; and NC inhibitor, 5'-ACG UGA CAC GUU CGG AGA A-3' were obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China). SIRT1 vectors and empty vector were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Prior to transfection, the cell culture medium was replaced with antibiotic-free medium. Cell transfection was performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol.
RT-qPCR. RT-qPCR was performed to detect miR-494 expression and to determine the expression level of SIRT1. Total RNA was isolated from tissues and cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. A TaqMan MicroRNA assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) was adopted to analyze miR-494 expression on an Applied Biosystems 7300 instrument (Thermo Fisher Scientific, Inc.). U6 was used as an endogenous control for miR-494 expression. The cycling conditions for this stage were as follows: 40 cycles of denaturation at 95˚C for 15 sec; and annealing/extension at 60˚C for 60 sec. SIRT1 mRNA expression was measured by RT of total RNA into complementary DNA using M-MLV Reverse Transcriptase (Promega Corporation, Madison, WI, USA), followed by qPCR with SYBR Green Master Mix (Takara Biotechnology Co. Ltd., Dalian, China). The thermocycling conditions of qPCR were as follows: 95˚C for 10 min; 40 cycles of 95˚C for 15 sec; and 60˚C for 1 min. GAPDH was used as an internal control for SIRT1 mRNA expression. Each sample was analyzed in triplicate.
The primer sequences for miR-494 were as follows: Forward, 5'-CAT AGC CCG TGA AAC ATAC ACG-3' and reverse, 5'-GTG CAG GGT CCG AGG T-3'; U6 forward, 5'-CGC TTC GGC AGC ACA TAT ACT A-3' and reverse, 5'-GCG AGC ACA GAA TTA ATA CGA C-3'; SIRT1 forward, 5'-TCA GTG TCA TGG TTC CTT TGC-3' and reverse, 5'-AAT CTG CTC CTT TGC CAC TCT-3'; and GAPDH forward, 5'-CCC CTG GCC AAG GTC ATC CA-3' and reverse, 5'-CGG AAG CCA TGC CAG T GAG-3'. Relative expression was calculated using the 2 -ΔΔCq method (21) .
MTT assay. Cellular viability was assessed using an MTT assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Briefly, cells were harvested and seeded into 96-well plates at a density of 4,000 cells/well. Following an overnight incubation at room temperature, cells were transfected with the corresponding vectors as described above. At different time points (24-96 h), 20 µl MTT solution (5 mg/ml) was added into each well and the 96-well plates were incubated at 37˚C for an additional 4 h. The culture medium was then removed carefully and the formazan precipitates were dissolved in 150 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA). The absorbance at 490 nm was detected using an automatic multi-well spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All samples were analyzed in triplicate.
In vitro cell migration and invasion assays. Transwell chambers with a pore size of 8 µm (Costar; Corning Life Sciences, Cambridge, MA, USA) were adopted to measure cell migration and invasion abilities. For the in vitro cell invasion assay, Transwell chambers coated with Matrigel (BD Biosciences, San Jose, CA, USA) were used. For the migration and invasion assays, transfected cells were harvested and 5x10 4 cells in 200 µl serum-free RPMI-1640 medium was seeded onto the upper chambers. Culture medium supplemented with 20% FBS in the lower chamber acted as a chemoattractant. Following a 24-h incubation at 37˚C for migration and invasion assays, the Transwell chambers were fixed in 100% methanol at room temperature, stained with 0.5% crystal violet and washed with PBS three times. The cells that had not migrated or invaded through the pores were removed with cotton swabs. Cells on the lower surface of the membranes were then counted with an inverted microscope (Olympus Corporation, Tokyo, Japan).
miR-494 targets prediction.
The target genes of miR-494 were predicted using the following TargetScan (http://www .targetscan.org/index.html) and miRanda (http://www .microrna.org).
Western blot analysis. Total protein was extracted using radioimmunoprecipitation assay lysis buffer containing protease inhibitors (both Beyotime Institute of Biotechnology, Haimen, China). The total protein concentration was evaluated using a Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Equal quantities of protein (30 µg/lane) were separated by 10% SDS-PAGE and transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). The membranes were blocked with 5% non-fat dry milk in PBS plus 0.05% Tween-20 (PBST), followed by incubation at 37˚C with primary antibodies overnight. Subsequent to washing with PBST three times, membranes were incubated with the corresponding horseradish peroxidase-conjugated secondary antibody (dilution, 1:5,000; cat. no. sc-2005; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for 1 h at room temperature. The protein bands were visualized with an enhanced chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The primary antibodies used in the present study were mouse anti-human monoclonal SIRT1 (dilution, 1:500; cat. no. sc-74504; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and β-actin (dilution, 1:500; cat. no. sc-47778; Santa Cruz Biotechnology, Inc.) antibodies. β-actin was used as a loading control.
Dual-luciferase reporter assay. Dual-luciferase reporter assays were performed to explore whether miR-494 was directly targeted by SIRT1-3'UTR. PGL3-SIRT1-3'UTR wild type (Wt) and PGL3-SIRT1-3'UTR mutant (Mut) were purchased from Shanghai GenePharma Co., Ltd. HEK293T cells were seeded into 24-well plates at a density of 1.5x10 5 cells/well and incubated overnight at 37˚C. Cells were transfected with miR-494 mimics or NC, or with miR-494 inhibitor or NC inhibitor, in addition to PGL3-SIRT1-3'UTR Wt or PGL3-SIRT1-3'UTR Mut, using Lipofectamine 2000. Following 48 h of transfection, transfected cells were harvested.
Firefly and Renilla luciferase activities were measured using a Dual-Luciferase Reporter (DLR) Assay System (Promega Corporation). Normalized luciferase activity was reported as Firefly luciferase activity/Renilla luciferase activity. Each assay was replicated three times.
Statistical analysis. Data are presented as the mean ± standard deviation and were compared with Student's t-tests or one-way analysis of variance (ANOVA) plus multiple comparisons using SPSS software (version 17; SPSS Inc., Chicago, IL, USA). Student-Newman-Keuls test was used as a post hoc test following ANOVA. A two-tailed P<0.05 was considered to indicate a statistically significant difference.
Results

Expression level of miR-494 in ECO tissues and cell lines.
The present study evaluated the expression of miR-494 in EOC tissues and matched NATs. RT-qPCR analysis indicated that the relative expression of miR-494 was decreased in EOC tissues in comparison with that in matched NATs (Fig. 1A,  P<0 .05). The expression of miR-494 in the human NOEC and the EOC VCAR3, SKOV3, ES-2 and CAOV-3 cell lines was then examined. As determined by RT-qPCR in EOC tissues, miR-494 was downregulated in the four EOC cell lines compared with its expression in NOEC cells (Fig. 1B, P<0.05) . These results indicated that miR-494 expression was impaired in EOC.
Clinical significance of miR-494 in EOC patients. To further explore the role of miR-494 in EOC, the association between miR-494 expression level and clinicopathological variables of patients with EOC was studied. As presented in Table I , low expression levels of miR-494 were significantly associated with FIGO stage (P=0.003), tumor size (P=0.010) and lymph node metastasis (P=0.037) in patients with EOC. However, no significant associations were identified between miR-494 expression level and other clinicopathological variables, including age, differentiation and histological subtype (all P>0.05).
miR-494 inhibits EOC cellular viability, migration and invasion in vitro.
To investigate the functions of miR-494 in EOC, miR-494 was upregulated in OVCAR3 cells by transfection with miR-494 mimics. Following transfection for 48 h, miR-494 was markedly overexpressed in OVCAR3 cells ( Fig. 2A, P<0 .05). MTT assays were performed to evaluate the effect of altering miR-494 levels on EOC cellular viability. The present study revealed that upregulation of miR-494 resulted in a significant reduction in the proliferation of OVCAR3 cells (Fig. 2B, P<0 .05). In vitro cell migration and invasion assays were used to determine the effect of overexpression of miR-494 in cell migration and invasion. The results demonstrated that enforced miR-494 expression led to suppression of migration and invasion in OVCAR3 cells (Fig. 2C, P<0 .05).
miR-494 was also downregulated in SKOV3 cells via transfection with a miR-494 inhibitor. As measured by RT-qPCR, miR-494 was significantly downregulated in SKOV3 cells (Fig. 2D, P<0 .05). As expected, downregulation of miR-494 enhanced cell growth, migration and invasion in SKOV3 cells (Fig. 2E and F, P<0 .05). Together, these findings suggest that miR-494 acts as a tumor suppressor in EOC.
SIRT1 is a direct target of miR-494 in EOC.
To explore the molecular mechanism by which miR-494 inhibited cellular viability, migration and invasion in EOC, bioinformatic predication algorithms algorithms (TargetScan, Whitehead Institute for Biomedical Research, Cambridge, MA, USA; miRanda, Memorial Sloan-Kettering Cancer Center, NY, USA) were performed. As shown in Fig. 3A , SIRT1 contained a miR-494 7-mer seed match at position 765-771 of the SIRT1-3'UTR. To explore whether SIRT1 was directly targeted by miR-494 in EOC, dual-luciferase reporter assays were performed in HEK293T cells. miR-494 markedly suppressed the luciferase activity of SIRT1-3'UTR Wt, but did not inhibit the luciferase activity of SIRT1-3'UTR Mut. When the miR-494 inhibitor was transfected, an increase in luciferase activity of SIRT1-3'UTR Wt was observed. However, co-transfection of miR-494 inhibitor and SIRT1-3'UTR Mut did not cause a decrease in luciferase activity (Fig. 3B, P<0.05) .
To further investigate the potential effects of miR-494 in the regulation of SIRT1, RT-qPCR and western blot analysis were used to measure SIRT1 mRNA and protein expression. SIRT1 mRNA and protein levels were significantly downregulated in miR-494 mimics-transfected OVCAR3 cells compared with those in the NC group. However, SIRT1 mRNA and protein levels were increased by the downregulation of miR-494 in SKOV3 cells (Fig. 3C and D, P<0.05) . Overall, these results identified SIRT1 as a direct target gene of miR-494 in EOC.
miR-494 regulates EOC cellular proliferation, migration and invasion via SIRT1 pathway.
The present study next explored whether SIRT1 could counteract the tumor-suppressor functions of miR-494 in EOC. SIRT1 vectors or empty vector were co-transfected with miR-494 mimics into OVCAR3 cells. Subsequent to transfection, western blot analysis was used to measure the SIRT1 expression level. As expected, SIRT1 was significantly upregulated in SIRT1 vectors-transfected OVCAR3 cells (Fig. 4A, P<0 .05). Enforced SIRT1 expression reversed the miR-494-mediated growth-suppression effect in OVCAR3 cells (Fig. 4B) . In vitro cell migration and invasion assays demonstrated that upregulated SIRT1 expression abrogated the migration-and invasion-inhibitory effects exerted by miR-494 in OVCAR3 cells (Fig. 4C) . Collectively, these Table I . Association between the expression of microRNA-494 and clinicopathological features in patients with epithelial ovarian cancer. 
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Discussion
It has been demonstrated that the expression of miR-494 is altered in several types of human cancer; it is upregulated in the cancer tissues of hepatocellular carcinoma (22) , colorectal (23) and non-small-cell lung cancer (24) , while it is downregulated in various types of human cancer, including gastric carcinoma (25) , prostate cancer (26), esophageal squamous cell carcinoma (ESCC) (27) , oral cancer (28), breast cancer (29) , pancreatic cancer (30) , chondrosarcoma (31) and cervical cancer (32) . These conflicting studies indicate that the expression of miR-494 in cancers has tissue specificity. The present study identified that miR-494 was downregulated in EOC tissues and cell lines. In addition, low expression levels of miR-494 was demonstrated to be associated with FIGO stage, tumor size and lymph node metastasis in EOC. This indicates that miR-494 may possess tumorsuppressive roles in the carcinogenesis and progression of ovarian cancer.
miR-494 has been identified as an oncogene in cancers. Liu et al (22) reported that the upregulation of miR-494 in hepatocellular carcinoma was positively associated with tumor differentiation, tumor node metastasis (TNM) stage and lymph node metastasis. Furthermore, miR-494 enhanced cellular proliferation and metastasis, decreased cell apoptosis and cell cycle arrest at G1 stage, and conferred sorafenib resistance to hepatocellular carcinoma (22) . In colorectal cancer, the overexpression of miR-494 occurred more frequently in tissue specimens with adverse clinical stage and presence of distant metastasis. In addition, multivariate survival analyses demonstrated that the upregulation of miR-494 was an independent prognostic factor for progression-free and overall survival rates (23) . A previous functional study demonstrated that miR-494 enhanced the migration and invasion of colorectal cancer cells by negative regulation of phosphatase and tensin homologue (23) . In non-small cell lung cancer (NSCLC), miR-494 expression level was positively associated with pathological TNM stage and lymph node metastasis. The expression of miR-494 was negatively associated with the grade of differentiation. In addition, patients with upregulation of miR-494 had a shorter overall survival rate (24) . Overexpression of miR-494 improved angiogenesis in NSCLC.
Functions of miRNAs are tissue-type dependent. To date, the vast majority of studies have demonstrated that miR-494 acts as a tumor suppressor. For example, in prostate cancer, the overexpression of miR-494 suppressed cancer cell proliferation, migration and invasion, and enhanced cell apoptosis by post-transcriptional regulation of C-X-C chemokine receptor type 4 (CXCR4) (26) . Zhang et al (27) identified that miR-494 expression level was associated with lymph node metastases in ESCC. Upregulation of miR-494 decreased ESCC cell growth, migration and invasion, and induced apoptosis by directly targeting the CLPTM1-like gene (27) . In breast cancer, ectopic expression of miR-494 significantly inhibited cellular proliferation and invasion via blockade of CXCR4 through the Wnt/β-catenin signaling pathway (29) . In pancreatic cancer, decreased miR-494 expression level was associated with larger tumor size, late TNM stage, lymphatic invasion, distant metastasis and poor prognosis (30) . Functional experiments revealed that miR-494 suppressed growth, invasion and chemoresistance in pancreatic cancer through downregulation of SIRT1 and c-Myc (30) . The present study demonstrated that miR-494 suppressed ovarian cancer cellular viability, migration and invasion. These findings indicated that upregulating miR-494 or providing analogous pharmaceutical compounds exogenously could be effective cancer therapies for tumors resulting from the activation or overexpression of these oncogenes.
Identification of miR-494 target mRNAs is important for understanding its roles in ovarian cancer initiation and progression. It is also important for exploring new targeted therapies for ovarian cancer. The present study demonstrated that SIRT1 was the direct target gene of miR-494 in ovarian cancer. SIRT1, a highly conserved nicotinamide adenine dinucleotide + -dependent protein deacetylase, is the best-characterized sirtuin (33) . SIRT1 has a large variety of substrates, including p53, myogenic differentiation 1, forkhead box O3 and nuclear factor kB (34) . Previous studies have shown that SIRT1 was upregulated in numerous types of cancer, including human epithelial, breast, colon and prostate cancer, as well as mouse pulmonary adenocarcinoma, sarcoma and lymphoma, indicating that SIRT1 is involved in cancer carcinogenesis and progression (35) (36) (37) (38) . SIRT1 performs important functions in a wide spectrum of biological processes, including cellular survival, cellular stress response, energy metabolism, migration, invasion and apoptosis (39) (40) (41) (42) .
SIRT1 was also observed to be upregulated in malignant ovarian epithelial tumors compared with its expression in benign or borderline tumors. Furthermore, SIRT1 expression level was associated with increased overall survival rate in SIRT1-positive serous carcinoma (43) . A previous study demonstrated that SIRT1 was upregulated in EOC tissues compared with is expression in matched NATs (44) . This study revealed that SIRT1 contributed to EOC cell growth and metastasis. These findings suggest that SIRT1 was involved in EOC initiation and progression. Therefore, it is worthwhile to investigate novel targeted therapies against SIRT1. Previous studies have demonstrated that SIRT1 was regulated by miRs in numerous human cancer types (45) (46) (47) . To the best of our knowledge, the present study demonstrates for the first time that SIRT1 was negatively regulated by miR-494 in EOC, which indicated that miR-494 could be investigated as a targeted therapy for EOC.
In conclusion, the present study identified that miR-494 was downregulated in EOC tissues and cell lines. In addition, low expression levels of miR-494 were associated with poor prognostic features, including FIGO stage, tumor size and lymph node metastasis. In vitro studies demonstrated that miR-494 suppressed cellular proliferation, migration and invasion in EOC cells. Mechanistically, the present study demonstrated that miR-494 inhibited EOC cell growth, migration and invasion through directly targeting SIRT1. The present results demonstrate that miR-494 may be a potential clinical biomarker and could also be a therapeutic target in EOC.
